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What Is Claimed Is: 




1 .y> A system forVnodular amplification of optical signals in a set of multiple 
hannels in an operating window of a fiber communication network, comprising: 
a first multiplexing unit for multiplexing the optical signals in the set of 
multiple channels into anleast one subgroup of optical signals in a respective at 
least one subwindow Vithin the operating window, each subwindow 
corresponding to a different Woup of channels within the operating window; and 
at least one optical Una amplifier for amplifying said at least one subgroup 
of optical signals corresponding to said at least one subwindow within the 
operating window. 



2. The system of claims!,* wherein the operating window comprises an 
erbium band of wavelengths between approximately 1520 nm and 1561 nm, and 
each optical line amplifier includes afcjeast one fiber amplifier. 

3. The system of claim 2, wherein said first multiplexing unit multiplexes 
the optical signals in the set of multiple channels into fvdt, second, third, and 
fourth subgroups of optical signals depending upon wavelength in corresponding 
first, second, third, and fourth subwindows wjdiinlne operating window, 

said first subwindow includes a fir^t group of channels, 
said second subwindow includes a second/group of channels, 
said third subwindow includes a thixdy^oup of channels, and 
said fourth subwindow includei^ui/fburth group of channels. 



4. The system of claim 3, whefeir 

said first group of chaimels/comprises channels in a first range of 
wavelengths between approximately 1530 to 1536 nm; 

said second group of channels comprises channels in a second range of 
wavelengths between approximately 1538 to 1543 nm; 
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^g aid lliiid giOUp o t channels comprises channels^ rii a tliixd lang ^-of- 
wavelengths between approximately 1547 to 1553 nm; and / 
said fourth group of channels comprises channels in a fourth range of 
wavelengths between approximately 1555 to 1561 nm. / 



5. The system of claim 4, wherein, the set of multiple channels in the 
operating window comprises sixteen channels, and said firsysecond, third and 
fourth groups of channels each have four channels. 



The system of claim 3, wherein: 

said first group of channels comprises first/fo fourth channels; 
said second group of channels comprise/ fifth to eight channels; 
said third group^of ch^mels comprises ninth to twelfth channels; and 
said fourth group offcljannels composes thiptdenth to sixteenth channels; 
wherein said first to sixteenth cK^nels sufcpaffrespective optical signals having 
the following approximate waveleiigtjfc: 



Channel No. 


Approximate Wavelength (nm) 


1 


1530.3/ 


2 


i53y£o / \^ 


3 


15/3.47 / / 


4 


/535.04 // 


5 / 


' 1538.19 ^ 


6 / 


1539.77 


7 / 


1541.35 


8 / 


1542.94 


9 / 


1547.72 




1549.32 


11 


1550.92 


12 


1552.52 
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*CKannel No 


Approxinjfffe Wavelength (nm) * 


13 


1555.75^ y/^ ^^^7 


14 


1557.3^1-- — " 


15 


1558798/ ^ ) 







r 



7. The system of claim 1, wherein said at least one optical line amplifier 
comprises a plurality of optical line amplifiers and said first multiplexing unit 
comprises\ 

a firgt coarse wavelength division multiplexing unit for multiplexing the 
optical signals in the set of multiple channels into first, second, third, and fourth 
subgroups of optical signals depending upon wavelength in corresponding first, 
second, third, and fourth subwindows within the operating window; and 

first, second, third, and fourth fine wavelength division multiplexing units 
optically coupled\in parallel between said first coarse wavelength division 
multiplexing unit and said plurality of optical line amplifiers, said first, second, 
third, and fourth fine wavelength division multiplexing units further multiplex 
said first, second, thira, and fourth subgroups of optical signals by wavelength 
into channels for carrying optical signals having different wavelengths within 
corresponding first, second, third, and fourth subwindows. 

8. The system of claim 1, further comprising: 

a second multiplexing unit for multiplexing the optical signals in the set 
of multiple channels into said at least one subgroup of optical signals in said 
respective at least one subwindow within the operating window; and 

at least one optical fiber coupled between said first and second 
multiplexing units, said at least one optical line amplifier being optically coupled 
to said at least one optical fiber toNamplify said at least one subgroup of optical 
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signals ^corresponding to said at least one respective sub window within the 
operatingNwindow. _ 

9. *fhe system of claim 1, wherein said first multiplexing unit comprises a . 
coarse WDM unit and at least one fine WDM unit, whereby fine WDM units can 
be added to tfte system in a modular fashion to support channels in respective 
subwindows as needed. 

10. The system of chS&m 8, wherein said at least one optical fiber comprises 
at least one single mode optical fiber selected from the following types of single- 
mode optical fiber: non-dispersihn-shifted optical fiber, zero-dispersion shifted 
optical fiber, and low slope dispersion-shifted optical fiber. 

1 1 . 'the system of claim 8, wherein said first and second multiplexing units 
are arranged at first and second sites, and said at least one optical line amplifier 
and said at\east one optical fiber each transport optical signals traveling in at 
least one of uni-directional traffic and bi-directional traffic between said first and 
second sites. \ 

12. The system Vf claim 1, wherein said at least one optical line amplifier 
comprises first to fourtfi optical line amplifiers, said at least one subgroup of 
optical signals comprises first to fourth subgroups of optical signals in 
corresponding first to fourth subwindows within the operating window, and 
further comprising: \ 

a second multiplexing uhit for multiplexing the optical signals in the set 
of multiple channels into said first to fourth subgroups of optical signals in 
corresponding first to fourth subwindows within the operating window, each 
subwindow corresponding to a different group of channels within the operating 
window; and \ 

first to fourth optical fibers arranged in parallel between said first and 
second multiplexing units, said first to foWrth optical line amplifiers being 



SKG&F Ref. No. 1575.2550000 
MCI Ref. No. RIC-96-153 



20 

Optically coupled along said first to fourth optical fibers, respectively, to amplify 
saick first to fourth subgroups of optical signals corresponding to said first^to 
fourtHSgubwindows within the operating window; 

lerein said first and second multiplexing units are arranged at first and . 
second sit8s, and said first and third optical line amplifiers and said first and third 
optical fibers\ach pass optical signals traveling in a first direction between said 
first and second sites, and said second and fourth optical line amplifiers and said 
second and fourth optical fibers each pass optical signals traveling in a second 
direction between saicffirst and second sites opposite to said first direction. 

1 3 . The system of claim \ wherein each optical line amplifier further includes 
a dispersion compensation aevice, whereby, subgroups of optical signals 
corresponding to respective subwindows within the operating window are 
amplified for each subwindow to make amplifier gain approximately equal across 
the channels in tho operating windnw 

^rJ^\ A method for modiilar amplification of optical signals in a set of multiple 
lannels in an operating wino^w of a fiber communication network, comprising 
the steps of: 

multiplexing the optical simals in the set of multiple channels into at least 
one subgroup of optical signals in a corresponding at least one subwindow within 
the operating window, each subwindow corresponding to a different group of 
channels within the operating window; afcd 

amplifying said at least one subgroiib of optical signals corresponding to 
said respective at least one subwindow withiX the operating window. 



15. The method of cVm 14, wherein the operating window comprises an 
erbium band of wavelengtn&between approximately 1520 nm and 1561 nm 
having four subwindows, and said multiplexing step multiplexes the optical 
signals in the set of multiple channels into four subgroups of optical signals in 
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respective subwindows within the operating window, and said amplifying step 
amplifies in parallel said four subgroups of optical signals. 

16. The rfoethod of claim 14, wherein said multiplexing step comprises the . 
step of coarse multiplexing the optical signals in the set of multiple channels into 
first, second, thinl and fourth subgroups of optical signals depending upon 
wavelength in corresponding first, second, third, and fourth subwindows within 
the operating window,\ 

said first subwindow includes a first group of channels, 
said second subwindW includes a second group of channels, 
said third subwindow includes a third group of channels, and 
said fourth subwindow includes a fourth group of channels. 



+7: : The— method of claim 10, wherein sald—eea rse multiplexing - sp sp* 

multiplexes the optical signals in the set of multiple channels into first^econd, 
third, and fourth subgroups of optical signals depending upon wavelength in 
corresponding first, second, third, and fourth sub^dndows)vimin the operating 
window such that: 

said first subwindow compdses said firs^group of channels having optical 
signals in a first range of wavtelengths beJWeen approximately 1 530 to 1536 nm; 

said second subwindow cop^mses^dd second group of channels having 
optical signals in a second ran^ofjw^velengths between approximately 1538 to 
1 543 nm; / / j 

said third saWindow cpifiprisefc\§aid third gpemp of channels having 
optical signals^n a third ranae of wavelengths between approximately 1547 to 
1553 nm; and 

ysaid fourth subwindow comprises said fourth group of channels having 
optical signals in a fourth range of wavelengths between approximately 1 555 to 
^t5^Tnitr^_ y 
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18. The method of claim 17, : 
optical signals foreac 



within eacn respective 



* comprising the step of: 
to fourth groups of channels to individual 
jmbwindows. 
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19. 1\he method of claim 14, wherein said multiplexing step multiplexes 
optical signals in the operating window into first to sixteenth channels having the 
following approximate wavelengths: 



Channel No. 


Approximate Wavelength (nm) 


1 \ 


1530.33 


1 \ 


1531.90 


3 


\1 533.47 


4 


l\35.04 


5 


153\.19 


6 


1539.^ 


7 


1541.35\ 


8 


1542.94 \ 


9 


1547.72 \ 


10 


1549.32 \ 


11 


1550.92 \ 


12 


1552.52 \ 


13 


1555.75 \ 


14 


1557.36 \ 


15 


1558.98 \ 


16 


1560.61 \ 
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20. ^Khe method of claim 14, wherein said multiplexing step comprises the 
- steps of: 
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performing a first coarse wavelength division multiplexing operation to 
multiplex\the optical signals in the set of multiple channels into first, second, 
third, and iburth subgroups of optical signals depending upon wavelength in 
corresponding, first, second, third, and fourth sub windows within the operating, 
window; and \ 

performing first, second, third, and fourth fine wavelength division 
multiplexing operations in parallel to further multiplex said first, second, third, 
and fourth subgroupstof optical signals by wavelength into channels for carrying 
optical signals having different wavelengths within corresponding first, second, 
third, and fourth subwinoows. 

21. the method of claim 14, wherein said multiplexing step is performed at 
a first site, ancNurther comprising the steps of: 

multiplexing^ a second site the optical signals in the set of multiple 
channels in said at leastsone subgroup of optical signals in said at least one 
corresponding subwindow whWn the operating window; and 

passing said at least one suD^oup of optical signals corresponding to said 
subwindow within the operating window^^er an optical path extending between 
•said-first and second sites. "~ 



(J22r. The me t hod of claim 21, whe r ein saij^pgssing ste p pas se s a yft ffalji 

said subgroups of optical signals corresponding to said subwirjde^swithin the 
operating window over parallefoptical paths compijskl|fa plurality of single - 
mode optical fibers, and includingtfhe step'6£-s£lecting from the following types 
of single-mode optical fiber: non-di^CTSion-shifted optical fiber, zero-dispersion- 
shifted optical fiber, and lms^Iope qispersion-shifted optical fiber. 



23. The^Hraiod of claim 21, wherein said passing step passes optical signals 
travelirigin at least one of uni-directional traffic and bi-directional traffic between 
ridjirs^ and 3ceond si t 
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24. The method of claim 14, wherein said at least one subgroup of optical 
signals comprises first to fourth subgroups of optical signals in corresponding 
first to fourth subwindows within the operating window, and further comprising 
the steps of: 

passing optical signals in said first and third subwindows in a first 
direction between first and second sites; and 

passing optical signals in said second and fourth subwindows in a second 
direction between first and secbnd sites. 



le channels into said 
t^in corresponding first and third 



le method of claim 24,~wHeT eiii said liiulUpluri ng step comprises^ 

steps of: 

multiplexing the optical sigrfals 
first and third subgroups of optic^] 
subwindows within the oper^ 

demultiple^iftgthe optical signals^nthe set of multiple channels into said 
second ^nd^ourth subgroups of optical signals in corresponding second and 
-subwindows wixKin the operating^ 



26. The method of Wim 14, further comprising the step of compensating 
dispersion magnitude separately for each subwindow, whereby, said subgroups 
of optical signals corresponding to said subwindows within the operating window 
are amplified for each subwindow to make amplifier gain approximately equal 
across the channels in the operating window. 

A system for modular amplification of optical signals in a set of multiple 
fchannels in an erbium band operating^window of a fiber communication network, 
comprising: 

first and second wavelength division multiplexing units; and 
a fiber link optical coupling said\irst and second wavelength division 
multiplexing units; 
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wherein said first and second wavelength division multiplexing units each 
compnses a coarse W1$M unit and at least one fine WDM unit; whereby fine 
WDM units can be addecftto the system in a modular fashion to support channels 
in respective subwindows \as" needed. 

28. The system of clainA27, further comprising, at least one optical line 
amplifier and dispersion compensation unit provided along each optical fiber in 
said fiber link, whereby, each optical line amplifier and dispersion compensation 
unit can be added to the system uj a modular fashion to support channels in 
respective subwindows as needed. 



A modular wavelength division multiplexing system for multiplexing 

optical signals in a set of multiple channels within an operating window of a fiber 

communication network, comprising: 

a coarse wavelength division multiplexing unit; and 
at least one fine wavelength division multiplexing unit; wherein, 
said coarse wavelength division multiplexing unit multiplexes the optical 

signals into subgroups of optical signals in corresponding subwindows within 

said operating window, each subwindow corresponding to a different group of 

channels within said operating window, and 

each fine wavelength division multiplexin^unit multiplexes the optical 

signals within a respective subgroup of optical signal^ into individual channels 

■ witliin in a co rre sponding 1 




, second, third, and 
on wavelength in corresponding 
fourth subwindows within said operating window 
"subwmdow incdudes-gfifst group of channels, 
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said second subwindow includes a second group ot channels, 
said third subwindow includes a third group of channels^^nd 
said fourth subwindow includes a fourth group of cj>dnnels. 



3 1 . The system of claim 30, wherein: 

said first group of channels compri^s^channels in a first range of 
wavelengths between approximatelyJJ3p4o 1536 nm; 

said second group of di^inel^comprises channels in a second range of 
wavelengths between approximately 1538 to 1543 nm; 

said third gccmp of channels comprises channels in a third range of 
wavelengths between approximately to 1553 nm; and 

said Toyrtn group of charyarels comprises channels in a fourth range of 
wavelengths bet^eei/approxmiately 1555 to 1561 nm. 



25 



32. The system ofidaim 31, wherein, said set of multiple channels in said 
operating window comprises sixteen channels, and said firsu second, third and 
fourth groups of channels each have four channels. 



The systeip of 9faim 32, wherein^d^atieasfone fine wavelengthdivision 

four fine wavelength division multiplexing t umts^ 




iultiplexmg A lfiiit9^t^rfiprises tour tine wavelength division multiplexifig t 
that multiplex optical iiignals in said first to fourth sub windows, respectively, of 
the operating window into first to sixteenth channels having the following 
approximate wavelengths: 



Channel No. 


Approximate Wavelength (nm) 


1 


1530.33 


2 


1531.90 


3 


1533.47 


4 


1535.04 


5 


1538.19 




~+539r33 
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"Channel No. 


Approximate Wavelength (nm) 


7 


1541.35 V y^ 


8 


1542.94 y^ 


9 


1547.7G y^ 


10 


1549<^f 


11 


1550.92^/ 


12 


1552^52^ 






^555.75 


\ J 


14 / 


1557.36 




15/ 


1558.98 y 


^ 


~T56CL6J_ 



34. The system of claim 29, wherein: 

saicl coarse multiplexing unit comprises a first coarse wavelength division 
multiplexingSiinit for multiplexing said optical signals in said set of multiple 
channels into Virst, second, third, and fourth subgroups of optical signals 
depending uponWavelength in corresponding first, second, third, and fourth 
subwindows within^the operating window; and 

said at least one fine wavelength division multiplexing unit comprises 
first, second, third, and fourth fine wavelength division multiplexing units 
optically coupled to said nrst coarse wavelength division multiplexing unit, said 
first, second, third, and foukh fine wavelength division multiplexing units further 
multiplexing said first, second, third, and fourth subgroups of optical signals by 
wavelength into channels for carrying optical signals having different 
wavelengths within corresponding first, second, third, and fourth subwindows. 
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A modular wavelength division multiplexing method for multiplexing 
optical signals in a set of multiple channels within an operating window of a fiber 
communication network, comprising the steps of: 

coarse wavelength division multiplexing the optical signals into subgroups . 
of optical signals in corresponding subwindows within said operating window, 
each subwindow corresponding to a different group of channels within said 
operating window; and 

fine wavelength division multiplexing the optical signals within a 
respective subgroup &f optical signals into individual channels within in a 
corresponding subwindow. 

36, ¥he-ffl elhod of cla im 35, Wherei n sai d coarse wave len gth division 

multiplexing step multiplexes said optical signals into first, second, third/and 
fourth subgroups of optical signals depending upon wavelength in corresffonding 
first, second, third, and fourth subwindows within said operating ^indow, 
said first subwindow includes a first group of channels^ 
said second subwindow includes a second group ofxhannels, 
said third subwindow incjt&es a third group ^channels, and 
said fourth subwindcnv includes a fourth group of channels. 



37. ^ The method /ff claim 36, wherein said coarse wavelength division 
multiplexing step^fnfcl^iplexes said optical signals into first, second, third, and 
fourth subgroups of optical^imal/dependijig upon wavelength in corresponding 
first, second, third, and fourth sufc^n^ows within said operating window such 
that: 

said first gxoup of channels cohmrises channels in a first range of 
wavelengths betWeen approximately 1530 t(KL536 nm; 

said^econd group of channels comprises channels in a second range of 
wavelengths between approximately 1538 to 1543 nm; 

/'said third group of channels comprises channels in a third range of 
wftVglenflths between appro\irnnteUL l547 to 1553 nm: and ^ 
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smr±~fouhh group ot cfianneis-eofflprises^ hannfrls -in a fourth range of, 
wavelengths between approximately 1555 to 1561 nm. 



38. The method of claim 37, wherein, said set of multiple channel? in said . 
operating window comprises sixteen channels, and said coarse wavelength 
division multiplexing step multiplexes optical signals into said fpur groups of 
channels, and said fine wavelength division multiplexing step /imltiplexes said 
coarsely multiplexed signals into four channels within each said four groups 
of channels. 



39. The method of claim 36, wherein said fine wavelength division 
multiplexing step multiplexes Optical signals in sai^first to fourth subwindows, 
repsectively, of the operating window into first Jo sixteenth channels having the 
following approximate yavelengths: 



Channel No. 


^Approximate Wavelength (nm) 


1 


15303^ / ^ 


2 


1531.90 \/ / 


3 


1533.47 / \/ 


4 


I535.94 \ 


5 


153^19 \ 


6 


1539.77 \ 


7 


/541.35 \ 


8 / 


1542.94 \ 


9 / 


1547.72 


10 / 


1549.32 


11 / 


1550.92 


12/ 


1552.52 


A 


1555.75 


14 . 


_l.557.36 — — 
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t3hanrieTNo. 


Approximate WaVUuiiglii 0 U1 TP 


15 


1558.98 


16 


1560.61 



7 




40. The method of claim 
multiplexing step multiplexes 
into first, second, third, and ficr 

wavelength in corresponding first, se^bnd^^S&cl, and fourth subwindows within 
the operating window; and 



said coarse wavelength division 
lical signals in said set of multiple channels 
roups j^fptical signals depending upon 
Cno^ajatd, 

A 

said fine j )tfavelength division^mutS^lexing step comprises the steps of 
further multiplexing in parallel said first, secc^d, third, and fourth subgroups of 
optical sigfials by wavelength into channels for carrying optical signals having 
differ^iit wavelengths within corresponding first, second, third, and fourth 
subwindows^ 
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